Molecular cytotoxicity mechanisms of allyl alcohol (acrolein) in budding yeast.
Allyl alcohol (AA) is one of the environmental pollutants used as a herbicide and industrial chemical. AA undergoes enzymatic oxidation in vivo to form Acrolein (Acr), a highly reactive and ubiquitous environmental toxicant. The exposure to AA/Acr has detrimental effects on cells and is highly fatal. In corroboration to the current literature describing AA/Acr toxicity, this study aimed to investigate the molecular cytotoxicity mechanisms of AA/Acr using budding yeast as a eukaryotic model organism. Genome-wide transcriptome analysis of cells treated with a sublethal dose of AA (0.4 mM) showed differential regulation of approximately 30% of the yeast genome. Functional enrichment analysis of the AA transcriptome revealed that genes belong to diverse cellular processes including the cell cycle, DNA damage repair, metal homeostasis, stress response genes, ribosomal biogenesis, metabolism, meiosis, ubiquitination, cell morphogenesis, and transport. Moreover, we have identified novel molecular targets of AA/Acr through genetic screening, which belongs to oxidative stress, DNA damage repair, iron homeostasis, and cell wall integrity. This study also demonstrated the epigenetic basis of AA/Acr toxicity mediated through histone tails and chromatin modifiers. Interestingly, our study disclosed the use of pyrazole and ethanol as probable antidotes for AA intoxication. For the first time, this study also demonstrated the reproductive toxicity of AA/Acr using the yeast gametogenesis (spermatogenesis) model. Altogether, this study unravels the molecular mechanisms of AA/Acr cytotoxicity and facilitates the prediction of biomarkers for toxicity assessment and therapeutic approaches.